The vertical flux of geopotential and the conversion between eddy available potential and eddy kinetic energy due t o non-stationary disturbances are studied by solving numerically the diagnostic as well as the prognostic equations of a linearized 20-level model. The vertical distribution of these quantities thus computed compares well with those obtained by other authors from observed data and also with the results of general circulation experiments.
INTRODUCTION
Recent studies of the energetics in the earth's atmosphere indicate that motions in the troposphere and lower stratosphere interact closely with each other in relation to eddy kinetic energy, to form a combined meteorological system. ( 
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waves. They looked for the condition of the existence of internal waves throughout the whole atmosphere, considering the existence of the waves as a prerequisite for vertical propagation of wave energy from the troposphere. They investigated the possibility of the penetration from functional forms of the governing equations for various sets of basic physical parameters. The criterion they obtained for the free vertical propagation of perturbation energy shows a high possibility of the trapping of waves around the tropopause or at a level in the lower stratosphere. Chen [8] dealt with the same problem as Charney and Drazin [6] , but used a more general form of the governing equations to obtain similar results. Staff Members of Academia Sinica [30] studied a correlation of the stratospheric and tropospheric motions from the synoptic point of view.
They found a close relationship between both motions and emphasized the important role played by the very long waves. The Chinese group also examined their results theoretically with simple models. Dickinson [ 101 treated the propagation problem of the atmospheric waves comprehensively and extensively from the theoretical point of view.
All the authors mentioned above obtained their conclusions from examining the functional form of the governing equations and/or dealing with special analytical with respect to time. On the other hand, Onishi and Tanabe [24] pursued numerically with respect to time the vertical propagation of wave energy from a source, using a simple model. Recently, Murakami [21] performed a comprehensive numerical estimate of the vertical redistribution of energy due to stationary waves induced by topography and diabatic heat sources and sinks. He showed the relation between the characteristics of the vertical redistribution of energy and the scale of the stationary waves.
Numerical simulation of the general circulation of the atmosphere provided us the more general information about the dynamical coupling between the lower stratosphere and the troposphere in terms of energetics. (See for example, Smagorinsky, Manabe, and Holloway [29] .) Numerical analysis of observations by Kung [ 151 indicates daily variations and a seasonal march of the energetic interplay between the lower stratosphere and the troposphere. The calculation with the real data by Nitta [23] also shows frequent daily changes of the vertical flux of geopotential through the tropopause.
According to investigations thus far, it would be generally accepted that eddy kinetic energy which is converted in the troposphere from eddy available potential energy is redistributed upward into the lower stratosphere. For actual performance, the vertical distribution of zonal mean flow and that of zonal mean static stability, the inclination of the wave axis, and the scale of disturbance may be involved. The above-mentioned studies more or less focus their attention on the interrelation between waITe patterns or on the vertical redistribution of eddy energy between atmospheric layers It seems to the present author that there are few completely general works with the non-linear equations which treat the energetic coupling from the viewpoint of the structure of non-stationary disturbances. Therefore, in the present paper a study on the large-scale kinetic energy budget throughout the lower stratosphere and the troposphere is treated in relation to the vertical structure of the baroclinic waves in the middle-latitude westerlies. The following interacting quantities are adopted here: the convergence of the vertical flux of geopotential, the conversion between the eddy available potential and the eddy kinetic energy, a sum of the two terms, and the vertical flux of geopotential. The probably important interaction through small-scale turbulent motions is not dealt with.
A linearized 20-level balanced baroclinic model is adopted. At first, the model is treated for a diagnostic study to obtain information on the vertical profiles of the interacting quantities for various combinations of physical parameters. Secondly, a numerical time integration is made with the computational model for 24 hr. from a specific initial condition where no energetic interaction occurs. There is no computational reason why the forecast is stopped just 24 hr. later, but it is felt that a 24-hr. period should be sufficient to gain insight into the aspects of the dynamic interaction.
To make up the numerical experiment, analytical methods could be used. However, determination of the eigenvalues for the governing equations is a very complicated procedure, especially for a multi-level model, even if we assume a simple vertical wind shear and a crude vertical profile of the zonal mean static stability. Also, we cannot specify the relation between an actual unified movement of a meteorological wave in a stratified atmossphere and its associated eigenvalues. Therefore, in the present paper a monochromatic sinusoidal wave is assumed as a disturbance, a priori. According to this wave pattern, analytical expressions of the interacting quantities are obtained based on an w-equation in a simplified quasigeostrophic system.
The present paper consists of the following sections: Section 2 considers the physical meaning of the dynamical interaction. Section 3 describes the computational model used for the numerical experiment. Section 4 presents results of the experiment. Section 5 discusses the results. The vertical distributions of the space-mean interacting quantities in the present experiment are compared with the results obtained with the general circulation model of Smagorinsky, Manabe, and Holloway [29] The f i s t term on the right-hand side of equation (2.6)
shows the rate of the vertical transport of kinetic energy, the second term a part of the pressure interaction or the convergence of the vertical flux of geopotential, and the third the energy conversion between the available potential energy and the kinetic energy. The first term on the right-hand side of equation (2.7) indicates the rate of the vertical transport of available potential energy, and the second term is the counterpart of the conversion in equation (2.6).
When me separate equations (2.6) and (2.7) into the part of the eddy energy and that of the zonal mean energy, we have +;E --C(A,A') (2.11)
The terms C ( x , K') and C(2, A') show the horizontal average of the rate of the conversion of zonal mean flow kinetic energy into perturbation kinetic energy and that of zonal mean flow available potential energy into perturbation available potential energy. Generally speaking, the term "dynamical interaction between atmospheric layers" due to disturbances may be interpreted as the contribution to the local time change
of the space mean total eddy energy, b(A'+K')/bt ) a t a layer from other layers by means of the space average convergence of the vertical flux of the quantities which relate to eddy energy, i.e., -
and --b(wA')/bi-. Physical meaning of these terms is as follows: the first term means the vertical transport of eddy kinetic energy, the second term indicates a part of the contribution due to the pressure interaction in the vertical, and the third is the vertical transport of eddy available potential energy.
In the present paper, referring to the observed energetics in the lower stratosphere, we focus on the exchange of the eddy kinetic energy between the lower stratosphere and the troposphere through the tropopause. In this sense the two terms, -b(wK')/bp and -b(~'4')/bp , will be considered. According to the results of the analysis of the real atmosphere (Miyakoda [18] -d(w'+')/dp is integrated in the vertical from the top (where w=O is assumed) to the bottom of the atmosphere, there remains ut+' at the ground surface, which is very small in magnitude. In this sense, the term -d(w'+')/dp may be called the redistribution term of tJhe eddy kinetic energy. Another part derived from the term -V'.v@' is the rate of the conversion between t'he eddy kinetic energy and the eddy available potential energy,
According to the analysis of observed data, the net increase in eddy kinetic energy for the whole atmosphere in middle latitudes is mainly due to the conversion term. The levels where the eddy kinetic energy is converted from the eddy available potential energy are located in the mid-troposphere. However, because of the redistribution term, levels where the net increase in the eddy kinetic energy results are located near or above the tropopause. In this way the lower stratosphere and the troposphere interact with each other energetically. Therefore, in the discussion to follow the vertical profiles of the terms, -d(w'+')/dp , -w'a' , and the sum of the given, see the assumption (6).)
(1) the redistribution term, -d(w'@')/dp ,
The energy equations which are derived from prognostic equations adopted in the numerical experiment do not agree with equations (2.4) and (2.5). The discrepancy, however, may be negligibly small, and hereafter the energetics will be considered in reference to equations (2.4) through (2.11). It should also be noted that the total energy is not conserved in the linearized forecast model which will be described in the next section, because it is assumed that the zonal mean flow and its vertical shear are constant with time. This means that the eddy available potential energy is always supplied from the zonal mean available potential energy, i.e., C(2,A') >O.
-H

LINEARIZED PO-LEVEL BALANCED BAROCLINIC MODEL BASIC ASSUMPTIONS
In this simplified model research, we adopt the following (1) For the sake of simplicity, the /%plane approximation is used. According to the usual scale theory, the characteristic horizontal scale of the very long waves is comparable to the earth's radius and the @-plane assumption is no longer valid (Burger 151, Phillips 1271). The spectral analysis of observed data, however, shows that the horizontal scale of the very long waves in the meridional direction seems to be much smaller than that in the zonal direction ( (3) Meridional variation of physical quantities concerning the disturbance is ignored and those of the zonal mean height and temperature are expressed so as to satisfy the geostrophic and thermal wind relations, respectively. Therefore, this system is not energetically closed. This assumption turns out to be the limitation of our prognostic model. Namely, if we pose a baroclinically unstable vertical wind shear for the zonal current, development of a wave will go on endlessly, because there is no feed-back to weaken the vertical wind shear.
(4) To examine the influence of dissipation, the following Austausch coefficient or gross viscosity is assumed:
(a) Rate of momentum and heat changes with respect to time due to the lateral diffusion, i.e.,
F,= vV2V
for the equations of motion, and 
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The experiment is performed with and without dissipation. Unless explicitly stated otherwise, the computation was performed without diffusion in both the lateral and vertical directions.
(5) Since our horizontal domain is limited to 12,000 km. in size, the maximum wavelength which we can deal with here is also 12,000 km. In the numerical experiment, the following bhree waves are adopted as the representatives of three characteristic wave components in the atmosphere, Le., (i) a wave of wavelength 12,000 km. for representing the very long waves,
(ii) a wave of wavelength 6000 km. for representing the long waves, and (iii) a wave of wavelength 3000 km. for representing the short waves.
(6) As is shown in figure 3 .1, the domain is resolved in 20 layers in the vertical (pressure increment Ap=50 mb.) and 60 grids in the horizontal (grid interval d=200 km.). For a part of the diagnostic study, the area is meshed horizontally with 30 grids (d=400 km.) for computational convenience. (See Appendix B.) In this connection, one hour is adopted as the time interval At. It is also assumed that the pressure a t the tropopause is 200 mb. This means that there are four layers in the stratosphere and 16 layers in the troposphere. As the uppermost level where the height field is specified is 25 mb., it may be said that in the present model the lower stratosphere can approximately be taken into account.
(7) Concerning the lateral boundary condition, the cyclic continuity for all variables is assumed. Upper and lower boundary conditions are w=O a t p=O mb., respectively, where w s is the vertical p-velocity at the lowest surface and will be specified later. (See section 4.) NUMERICAL 
MODEL
Since we desire a comprehensive treatment of the largescale atmospheric motions from the ultra-long waves to the short waves, the computational model should be a balanced baroclinic model in the broad sense or a primitive equation model. Therefore, the linearized 20-level balanced baroclinic model is designed and constructed here in the present experiment under the assumptions mentioned (3.1 1)
The vertical derivative has already been replaced with finite difference. In the numerical procedure for integrating the governing equations, it is implicitly assumed that the magnitude of a non-geostrophic component of wind is one order of magnitude less than that of a geostrophic one. (See Appendix C.)
In the present experiment, analytical patterns are dealt with instead of real data. In this connection, the height distribution, the vertical profile of the zonal mean velocity U ( p ) , and that of the zonal mean static stability S(p) have to be specified.
Height jie1d.-The following sinusoidal monochromatic wave pattern is given as the height field, Le.,
=Zdz, P , t)+Zl(P)
We assume initially a uniform amplitude throughout the whole atmosphere regardless of p , i.e., Z ' ( p , 0) = 100 m.
for the wave of wavelength 12,000 km., Z'(p, 0) =50 m. for the wave of L=6,000 km., and Z'(p, 0)=20 m. for the wave of L=3,000 km. These numerical values of the amplitude Z'(p, 0) give almost the same amount of the eddy kinetic energy for three waves, respectively. (As an exception, a computation for the wave of L=6,000 km. is made with Z'(p, 0) = 100 m.) Although this assumption effect can be observed clearly by starting with the simple pattern rather than with the complicated one. Similarly, no vertical tilt of trough and ridge axes is assumed a t initial time, i.e., 6(p, O)=O for all p . Since the absolute value of zonal mean height of each information level Z l ( p ) is not involved in the present computation, it is put to be zero. For some diagnostic studies, the realistic vertical distributions of the amplitude are prepared as is shown in figure 3.2. This is manufactured with reference to the several results of harmonic analysis by Eliasen [12] UI1,and UIIIin figure 3.3 (a), (b),and(c),respectively. Some of them are also used in the diagnostic approach. The realistic profiles of U ( p ) are adopted in the diagnostic study, which is obtained by Murakami [21] , and illustrated in figure 3.3(d) as U(35) and U ( 6 0 ) , which mean respectively the zonal mean wind at 35"N. and 60"N.
Vertical projile of S ( p )
.-For all computations, the vertical distribution illustrated in figure 3.4 is used, which satisfies the following formula:
S( P> = (3.13)
RESULTS OF NUMERICAL EXPERIMENTS
In this section, the results of the numerical solutions with the model depicted in a previous section will be shown. The problem is treated from two different approaches, that is, the diagnostic method and the prognostic method. . . The former approach is adopted to obtain information on the vertical distributions of the interacting quantities for various combinations of basic parameters concerning the structure of the baroclinic disturbance. However, since physical parameters are assigned beforehand, the diagnostic study gives us only the int-errelation between the interacting quantities and the basic parameters. To proceed in a more general study, a numerical prediction with the computational model is performed. Because of the restriction of linearization, the forecast is terminated after a fixed period, say, 24 hr. Although the forecast is started with specific initial data, i.e., no tilt of the wave axes and uniform amplitude, the prognostic patterns after 24 hr. show good resemblance to the typical structure of the waves in the middle-latitude westerlies. In this connection, the predicted vertical distributions of the interacting quantities may be considered to have physical significance to depict the dynamical coupling between the lower stratosphere and the troposphere.
RESULTS OF THE DIAGNOSTIC RESEARCH
In the diagnostic study with the computational model, equation .1 (a) through (c) show the vertical distribution of -d(w'+')jdp, X H and the sum of both terms for the three characteristic disturbances respectively. The vertical tilt is assigned as S=-L/4 which means the westward inclination with increase in the height to the extent of a quarter of a wavelength for the whole depth of the atmosphere. For the profiles of U a t 35"N. and 60"N., the eddy kinetic energy is generated mostly in a similar manner, but the amount is different. This is commonly seen for all the three waves taken up here. The very long wave mostly contributes to the energy generation in the stratosphere, and the synoptic-scale long wave has the maximum generation around the 200-mb. surface which is regarded as the level of the tropopause in the experiment. The redistribution term has a similar magnitude at the tropopause for the two larger-scale waves. The predominance of the contribution by the ultra-long wave in the stratosphere is mainly due to the large value of the amplitude of the wave there. The diagnostic results for amplitude which is uniform in the vertical shows that the contribution by the very long wave to the generation term is much smaller than the case illustrated in figure 4.l(a). The prognostic results which will be described later also do not show the large amount of the amplitude of the very long wave in the stratosphere. The determination of a realistic profile of the amplitude is a problem beyond the present work, and further progress of our understanding on the dynamics of the ultra-long wave is urgently needed.
Contrary to the case of these larger-scale disturbances, the wave of wavelength 3,000 km. relates little to the budget of the eddy kinetic energy in the lower stratosphere. In the middle troposphere, the conversion term contributes to increase eddy kinetic energy. On the other hand, the redistribution term decreases the eddy kinetic energy to minimize the generation term for the very long wave and the long wave. For the short wave, there is almost no generation in the lower stratosphere, but the relatively large rate of the increase in eddy kinetic energy is observed in the middle troposphere. Accordingly, the spectrum distribution of the waves in the atmosphere would be important. The frictional forces ignored in the diagnostic experiment may also change the situation.
Although it is not illustrated here, an estimate of the vertical transport of eddy kinetic energy -b(wK')/dpH shows one or more order of magnitude smaller than the other interacting quantities considered here, as has been pointed out by many authors. Furthermore, the following results are obtained from the diagnostic numerical study and are supported by the simple analytical solutions (See Appendix A.)
(1) The tilt of the disturbances is crucial in determining the sign of the interacting quantities. In the case of no inclination, no generation results. The results so far illust'rated are characteristic of the waves which tilt westward with a1 titude. The disturbances tilting leeward with increase in height change the sign of the interacting quantities, (2) The absolute magnitudes of the interacting quantities are approximately in proportion to the degree of inclination of the wave axes and the absolute size of the amplitude of waves.
(3) The very long wave is remarkably influenced by the 8-effect. The 8-term promotes the contribution of the redistribution term to increase eddy kinetic energy in the upper half of the atmosphere and suppresses that in the lower half of the troposphere, and even makes the sign of the generation term negative. The effect of the 8-term weakens for shorter waves.
(4) The vertical flux of geopotential --=' I is positive and has a similar magnitude for the very long wave and the long wave throughout the lower stratosphere and the upper troposphere.
Although the results obtained in the diagnostic approach give us the physical image of the interaction, it should be noted that the vertical profiles of the amplitude and those of the degree of inclination of wave axes are assumed beforehand. Furthermore, the solution demonstrates no more than an ins tan taneous state under the prescribed pattern. To proceed further, the problem has to be treated from the prognostic viewpoint.
RESULTS OF THE PROGNOSTIC RESEARCH
The same pattern as is adopted for the diagnostic approach is used, but a wave axis is set straight upward at the initial time. 
3.3.)
The difference between these two zonal mean currents is the curvature of the vertical wind shear, ie., for 7. 71, b2U/bp2>0, and for 7. 7111, dZU/bp2=O. First of all the two prognostic distributions agree with the diagnostic results. The effect of b2U/dp2 is such that it increases the magnitude of the redistribution term in the lower stratosphere and promotes the energy conversion from the eddy available potential energy to the eddy kinetic energy in the upper half of the troposphere. In view of the eddy kinetic energy generation, however, this difference is not remarkable. The redistribution term has its maximum value above the level of the maximum generation. Between these two maximum levels, the level of the strongest zonal flow and the level of the largest growth rate are observed. (Compare the left-hand side and the right-hand side of figure 4.2 (a).) Next, the effect on the vertical profiles of the interacting quantities, of the height where U has its maximum value is examined ( fig. 4.2(b) ). As is observed in figure 3 .3, the level of maximum zonal mean wind in UII is higher than that in UT. The two levels differ in height an amount AH which is equivalent to 100 mb. in pressure. As a result, the level of the maximum in the redistribution term and that 
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in the generation term in the case of U= UII are approximately AH higher than that in the case of U=UI. Concerning the absolute magnitude of these quantities, the results in the two cases are similar for the very long wave.
About the effect of the meridional variation of the Coriolis parameter, the &term, in general, leads to a similar influence on the vertical profiles of the quantities in both the prediction and diagnostic studies. (See fig. 4.2(c) .) There is, however, an important discrepancy. In the forecast, the case of 8=0 results in, a t the tropopause, the same amount of the redistribution and a greater magnitude of the conversion than in the case p#O, to lead to the sharp maximum in the generation. On the contrary, the diagnostic approach does not display t,his trend. The very long wave shows a fictitious westward retrogression in the atmosphere when there is no vertically integrated divergence (Wolf [34] , Cressman [9], Wiin-Nielsen [33] ). The numerical model adopted here is the one which may give rise to this error for horizontal movement of ultralong waves. T o avoid the error in a simple manner, we introduce artificial total divergence which is assumed to be proportional to the height tendency with time a t the lowest level of the atmosphere. The vertical profile UIII is used for the zonal mean wind. Except for the absolute magnitude of the interacting variables, the case of ~= 0 . 1 and that of ~= 0 . 0 1 result in similar patterns. In comparison with the case K=O, the two cases of K # O have sharper curvature around the maximum of the redistribution term and that of the generation term. This suggests to us that the blocking effect for the fictitious westward movement leads to an intensification of the eddy kinetic energy in the lower stratosphere, which is redistributed by the term -3(w'4')/3p . Although there is not enough information on the vertical distribution of amplitude of the very long wave in the stratosphere, it should be remarked that the predicted vertical profiles of amplitude seem to be different from those of observation, i.e., the computed amplitude has the vertical maximum around the level of the strongest zonal mean flow, but in the real atmosphere the increase in amplitude of the very long wave is usually observed with increase in altitude in the lower stratosphere. The reason for this discrepancy may be related to the mechanism of maintenance of the very long wave. T o examine the effect of the dissipational force, a computation with the vertical diffusion due to the Austausch coefficient is performed. balance in the middle-latitude westerlies. As is easily expected, the effect of the friction is more conspicuous for the shorter waves. Now, let us turn to look a t the case of the long wave of wavelength 6,000 km. fig. 4.3(b) .)
The effect of the dissipation due to the vertical gross viscosity is notable for this wave as is illustrated in figure 4.3(c) . The rate of the redistribution is sharply increased in the lowest level. Inclusion of the lateral diffusion term in the governing equations does not make any significant change in the results, though the profiles are not shown here.
The profiles for the short wave are shown in figure 4.4. The wave of the wavelength which is 3,000 km. also indicates high sensitivity to the vertical wind shear. Again, the prognostic results agree well with those by the diagnostic approach. I t should be noted that the predicted vertical distribution of the interacting quantities is essentially different from the profiles in the two cases of the longer waves. For the vertical profile of zonal mean current which has the level of the strongest wind above the tropopause, the redistribution term shows negative near the tropopause, but the generation is still positive. This suggests to us the different types of the dynamical interaction. The downward redistribution in the mid-troposphere is also more remarkable in this case than the other two cases. The results for the vertical gross viscosity are shown in figure 4.4(b) . The same trend as that for the long wave is observed. Concerning the absolute amount of the generation in the lowest layer, the long wave and the short wave give rise to a similar magnitude which is larger than that due to the very long wave.
Finally, figure 4.5 indicates the predicted profiles of -ut,#,"
for the three waves. One of the most marked differences from the diagnostic case is that the long wave leads to a strong vertical flux of geopotential through the tropopause. As far as the forecast made here is concerned, the synoptic scale disturbance is the most efficient in generating the eddy kinetic energy in the lower stratosphere. In the lower half of the troposphere, the downward flux is also more conspicuous than that in the diagnostic study. The effect of vertical diffusion on the vertical flux of geopo tential appears to promote intensity of the downward flux. (See fig. 4 .5(b).) On the contrary, the upward flux into the stratosphere is decreased. These trends are more or less common to the three characteristic waves.
DISCUSSION OF THE RESULTS
As a supplement to the numerical experiment, u simple analytical solution is obtained for a quasi-geostrophic system. (See Appendix A.) The analytical expressions of the interacting quantities agree reasonably \vel1 with the numerical results and indicate the interrelation with various combinations of physical parameters may be interpreted as for the numerical results.
Next, to compare the present results with those obtained by the more elaborate computational model, the vertical profiles obtained by Smugorinsky, hdanabe, and Hollowuy .ooo ,100
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1.000 -6' look alike and especially the results of the long wave of wavelength 6,000 km. shows the best resemblance to the results by the more elaborate model. I t should be pointed out that the mechanism which presumably transforms the eddy kinetic energy generated through the mediumscale wave to that of the ultra-long wave in the lower stratosphere is not revealed. Numerical analysis of the energy generation in the real atmosphere with observation of wind and geopotential fields is done by Kung [15] . Monthly mean vertical profiles of the coupling variables for January 1963 are illustrated in figure 5.2. It should be understood that his results include contributions from both the transient and stationary waves. To a close approximation the profiles he obtained from the real atmosphere agree with those from the numerical simulation. One cannot estimate a t once separately the contributions from the transient wave and from the stationary wave, but a t least it may be emphasized that a considerable amount of the generation throughout the lower stratosphere and the upper troposphere is carried out by moving disturbances. The time sequential diagrams of the generation in the real atmospheric layers, which are also obtained by Kung [15] , show frequent variations of the absolute value and changes of the sign in the daily computed values. These shortperiod oscillations seem to be related to activities and behaviors of migratory troughs and ridges.
The reasonable agreement of the present results with the other two studies suggests to us that the essential factors which determine the general aspect of the dynamical coupling are included in the present simple experiment. The factors are the inclination of ware axes (hence, the meridional transport of sensible heat), the vertical wind shear, the vertical profile of static stability, the total non-vanishing divergence, the &effect, and the dissipation.
The maximum values of the generation term in the upper atmosphere are compared in table 5.1. As an example from the present study, the diagnostic study is used, which treats the long wave (L=6,000 km.) for the realistic profile of the amplitude and U= U(35). The results from the different authors are of the same order of magnitude. The amount of the vertical flux of geopotential through the boundary surface and between the lower stratosphere and the troposphere are compared in table 5.2. As the observation in the real atmosphere, the monthly mean of January 1958, prepared by Miyakoda [HI, is adopted. The pressure interaction term computed from the three-month mean values of January-March, 1958, as obtained by Oort [25] , is also cited. Miyakoda [18] processed the height field to obtain all motion fields needed for the numerical analysis of the sudden warming phenomenon. Since Oort Finally, some comments will be made on the computational model. The multi-level balanced baroclinic model adopted in the present experiment is capable of a comprehensive treatment of the waves in a broad range of the wave spectrum. Comparison of the present results with those of the same computation with the quasi-geostrophic model indicates little difference between the very long wave and long wave regimes. On the other hand, for the wave of shortest wavelength, a definite difference is noticed between the two models. 
SUMMARY
The energetic process which links the lower stratosphere and the troposphere is pursued by solving numerically a 20-level linearized baroclinic equation. The cases treated here correspond to those a t the middle latitudes and roughly in winter. The space-mean conversion from eddy available potential energy to eddy kinetic energy occurs mostly in the middle troposphere. Simultaneously the area-average redistribution term acts to reduce the eddy kinetic energy in the mid-troposphere and to increase it around the tropopause or in the lower stratosphere. Thus, the time change of eddy kinetic energy becomes a maximum-near the tropopause or above it. (The increase in the eddy kinetic energy in the lower stratosphere, which is connected with the tropospheric motions in this manner, feeds the energetics there.)
The above-mentioned process is investigated with relation to the structure of the baroclinic disturbances. The vertical profiles of the interacting quantities, i.e., (2) The amplitude of the wave, the wavelength, bU/bp, and the Coriolis parameter are directly involved in determining the magnitude of the interacting quantities.
(3) In the range of the realistic distribution, the effect of the zonal mean static stability on the interacting quantities is not predominant.
(4) For the ultra-long wave, the effect of the total non-vanishing divergence appears to promote the energetic interaction in the atmospheric layers.
( 5 ) The P-effect increases the magnitude of the redistribution term in the upper troposphere and decreases i t in the lower troposphere for the windward inclined wave. downward redistribution of eddy kinetic energy, especially, in the lowest layer.
(7) The present conclusions agree well with results obtained by the numerical simulation of the general circulation of the atmosphere and by numerical analysis of observed data. I n the earth's atmosphere, the general circulation requires the predominance of the westward tilt of wave axes with height in the middle latitudes, so that the eddy kinetic energy is converted from the eddy available potential energy in the middle troposphere and redistributed so as to be maximum near or above the tropopause.
APPENDIX A
For the sake of simplicity, we further assume that 
QUANTITIES
An analytical solution for the w-equation is obtained. 
APPENDIX B
COMPARISON OF NUMERICAL SOLUTIONS OF LO-EQUATION BETWEEN DIFFERENT SPACE RESOLUTIONS
In the numerical computation, the finer mesh-size, i.e., (2=200 km. is mostly used, but for the diagnostic study, the coarser grid interval, ie., d=400 km. is adopted. T o see the difference between two numerical solutions of the w-equa tion caused by different space resolutions, w at points where w has approximately the maximum absolute values is tabulated in table B.l. For the three characteristic ivavelengths, U= U(35), 6= -x, and the realistic amplitude of the waves are used.
We notice that the difference is conspicuous for shorter waves and the maximum of difference is approximately 10 percent of the amplitude of w.
APPENDIX C NUMERICAL COMPUTATION PROCEDURE
Besides the vertical distribution of physical parameters such as U and S, the patterns of height field and thickness field are given at initial time. To advance the numerical prediction, the distribution of the vertical p-velocity w is needed. In the balanced baroclinic model, the w-equation contains the terms of reference which relate to t'he divergent part (X-component) of the wind field. However, for large-scale motion, leading terms in the w-equation are those which appear in the quasi-geostrophic model. Thus, it is assumed that the leading terms are a t least one order of magnitude larger than other terms, which is treated as a forcing term, i e . , Only at the initial time, the above-mentioned scan-cycle process is repeated until the change of w between two cycles becomes sufficiently small. From the second time step, the x-field a t the former time level is assumed as that a t the present time level and i t is used as if i t is the valid divergent part of the mind field. 
